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t Aerospace Engineer, Structural Mechanics Branch, Structures and Dynamics Division. 




CO 



-1 



LU 



D 



0 



2 


>- 

h 

LU 

oi 

z 

U 

I - 

LU 

< 

LU 

2 

LL. 

2 

LU 

Q£ 

0 

-1 

LU 

LU 

LU 

H 

2 

L5 

O 

LU 

h 

e? 

2 

Z 

z 

01 

LL 

Q£ 

? 

Q 

Z 

< 

LU 

< 

H 

CO 

n 

LU 

01 

in 

LJ 

0 

CO 

I 


LL 

1— 

LO 

0 

LU 

2 


5 

LU 

in 


> 

in 

>- 


01 



LU 

< 


> 

z 


0 

< 


• 

• 


in 

h 

_l 

D 

in 

111 

a: 

Q 

z 

< 

(/i 

LU 

in 

> 

_l 

< 

Z 

< 


LU 

I 

CO 


01 

< 

LU 


2 


TJ 

4> 

0) 


a 


8 


a 

o 

U-* 


<D 

ft 

1 

a> 

£ 


o> 

£ 

* 

s 

w 

a 

◄J 

J>k 


"c3 

M 

Ch 

0) 

cd 

-M 

0) 

£ 

4? 


Sou 

H ^cs 
. *o S 

M cr3 
cd « 3 

ft £ 3 
.2 ft tJ 

a w 2 

4 J ^ Jn 


w 

TJ 

4) 

£ 

o 

H 

• rH 

M 

s 

Pm 

O 


ti 

s 

*< 

w 

'O 

CO 

H 

<D 

< 

g 

S3 


0 

V 

u 

4> 


,<d 


◄ 

U-4 

u 

4) 

+» 

a 

• »H 

ts 

& 

H 

W 

bO 

.S 


CD 

*M 



S 8 

w g 


£ bO 

W o 

03 Jj 

I 

4> ^ 

^ a 


1 9 

-C w 

W 03 


^ S 

H 3 


3 


OVERVIEW OF SRB/ETA RING INTERFACE 
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DEFINITION OF SRB/ETA RING INTERFACE 
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STRUCTURAL ANALYSIS OF GENERAL SHELLS 

(STAGSC-1) 
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AVAILABLE AT COSMIC 


STRUCTURAL ANALYSIS OF GENERAL SHELLS 
- STAGSC-1 - 
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SRB/ETA RING INTERFACE FINITE ELEMENT MODELS 
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ONE END SIMPLE-SUPPORT, OTHER END SYMMETRY 


SRB/ETA RING INTERFACE FINITE ELEMENT MODELS 

The SRB/ETA ring interface models are developed using the original (i.e., STS 51-L) geometry configuration. Approxi- 
mately sixty inches of the SRM motor case are modeled on either side of the SRB/ETA ring interface. Five shell units are 
used to model the SRM segments and stub rings. The ETA rings are modeled using an element unit and two user-written 
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MODELING ASSUMPTIONS 



NEGLECTED ETA RING COVER PLATES, INTERCOSTALS, AND 
H-FITTINGS 


MODELING ASSUMPTIONS 
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NONLINEAR SHELL ANALYSES 
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BASELINE MODEL OF SRB/ETA RING INTERFACE 
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NONLINEAR SHELL RESPONSE 
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NORMALIZED RADIAL DEFLECTION, w/t 


NONLINEAR SHELL RESPONSE 
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RADIAL DEFLECTIONS OF SRM STUB RING 

(1000 psi INTERNAL PRESSURE ONLY) 
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CIRCUMFERENTIAL LOCATION e, DEGREES 



RADIAL DEFLECTIONS OF SRM STUB RING 
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HOOP STRESS DISTRIBUTIONS OF SRM STUB RING 

(1000 psi INTERNAL PRESSURE ONLY) 



22 


CIRCUMFERENTIAL LOCATION ©, DEGREES 



HOOP STRESS DISTRIBUTIONS OF THE SRM STUB RING 

The hoop stress distributions of the SRM stub ring are shown in the figure for the linear and nonlinear solutions. At 
the ends of the ETA ring, the hoop stress peaks due to the discontinuity in stiffness resulting from a partial ETA ring. The 
linear and nonlinear hoop stress distributions are similar, and their magnitudes are nearly the same except at the ends of 
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DEFORMED GEOMETRIES OF BASELINE MODEL 

(1000 psi INTERNAL PRESSURE ONLY) 

LINEAR NONLINEAR 
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TANGENTIAL SHEARING FORCE DISTRIBUTION 
FOR BASELINE MODEL 

(1000 psi INTERNAL PRESSURE ONLY) 
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the structural behavior of the original and modified tang-clevis joint designs. These studies included three-dimensional stress 
analysis, nonlinear contact, and correlation between test and analytical results. 


REFINED MODEL OF SRB/ETA RING INTERFACE 
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DEFORMED GEOMETRIES OF REFINED MODEL 



32 


0 ) 


0 ) 


8 




<2 M 


•S a 


co ■*» 
2 o 


VV 

a 


■5 S « 


33 



TANGENTIAL SHEARING FORCE DISTRIBUTION 

FOR REFINED MODEL 

(1000 psi INTERNAL PRESSURE ONLY) 
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SHELL RESPONSE 

FOR SIMPLE SUPPORT BOUNDARY CONDITIONS 
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EFFECT OF BOUNDARY CONDITIONS ON SHELL RESPONSE 

(1000 psi INTERNAL PRESSURE ONLY) 
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EFFECT OF COMBINED LOAD ON SHELL RESPONSE 
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THETA, degrees 


EFFECT OF COMBINED LOAD ON SHELL RESPONSE 

The tangential shearing force between the SRM stub ring and the ETA ring as a function of circumferential location 
is shown in the figure for two loading conditions. The boundary conditions at the aft end are symmetry and those at the 
forward end are simple-support. Comparison of the tangential shearing force distributions for the pressure only case (dashed 
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OVERVIEW OF PRE-LIFTOFF LOADS TRANSIENT 



TIME, SECONDS 


OVERVIEW OP PRE-LIFTOFF LOADS TRANSIENT 

An overview of the pre-liftoff loads variations after SSME ignition is briefly described. At t = 0, the loads induced into 
the SRB are due to the eccentric weight of the orbiter and the external fuel tank and due to cryogenic shrinkage of the 
external tank during tanking. At SSME ignition, an eccentric thrust of approximately one million pounds is produced that 
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EQUIVALENT SHELL LOADS 
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NONLINEAR RADIAL DEFLECTIONS OF SRM STUB RING 
SUBJECTED TO SELECTED STS 51-L PRE-LIFTOFF LOADS 
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CIRCUMFERENTIAL LOCATION e, DEGREES 
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NONLINEAR SHELL RESPONSE FOR SELECTED STS 51-L PRE-LIFTOFF LOADS 

The nonlinear solutions for the baseline model of the SRB/ETA ring interface subjected to STS 51-L pre-liftoff loads at 
t=5.3 and 7.2 seconds after SSME ignition are obtained. Deformed geometries of the entire model are shown in the upper 
half of the figure and those of the SRM stub ring alone are shown in the lower half. The deformed geometries shown on 
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Overviews of the SRB/ETA ring interface geometry and finite element models used for the nonlinear shell analyses have 
been presented in this paper. The overall stress and deflection distributions for the SRB/ETA ring interface have been 
presented. These analytical results indicate significant differences between the linear and nonlinear deflections patterns for 
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